Rats were fed a fiber-free semi-purified diet or one containing 10% guar gum, a hydrophilic galactomannan, or a laboratory stock diet. The presence of guar gum in the diet decreased food intake and body weight gain perhaps due to distension of the gastrointestinal tract. Relative to the group fed fiber-free diet, liver weight was smaller and pancreas weight larger in the groups consuming guar gum or the stock diet. The latter 2 diets were hypocholesterolemic relative to the fiber-free diet. In both the unfed and fed state the wet weight of the intestine was significantly greater in the rats consuming guar gum. The greatest difference was in the wet weights of the small intestine in the fed animals. In the pancreas, there were no notable differences in digestive enzyme activity between the groups fed guar and fiber-free diet. However, in the intestine, lipase, amylase and total proteolytic activity were significantly greater in the rats fed guar gum. This elevation of enzyme activity in the intestine could be due to a slower rate of enzyme degradation or to enhancement of the enzyme secretion.
Guar gum is a galactomannan derived from the ground endosperm of the Indian cluster bean (Cyamopsis tetragonolobus) in which it serves to protect the seed from dessication. Because of its hydrophilic, gel-form ing properties, many uses have been found for guar gum in food processing. Several studies have shown that guar gum and pectin, fed to humans and experimental animals, can reduce postprandial hyperglycemia (1, 2) and plasma cholesterol (3), perhaps by slow ing the rate of absorption. Within the small intestine dietary fibers could alter the avail ability of digestive enzymes or the compo sition of the contents (4) . Pectin has been found to increase the volume of contents and some digestive enzyme activities (5, 6 ). The present study was undertaken to determine the effects of consuming guar gum on the distribution and amount of bile acids, en zyme activity and chyme in the gastrointes tinal tract.
MATERIALS AND METHODS
Male Wistar rats (Simonsen Laboratories, Gilroy, CA) with an average initial body weight of 101 g were randomly assigned to one of the diets shown in table 1 and indi vidually housed in stainless-steel wire-bot tomed cages with food and water ad libitum. After 28 days and during the final 7 days of the feeding period, the diet was offered at 1000 hours and removed at 2000 hours to synchronize diurnal variations among rats. Rats were killed either after 10 hours without food in the unfed state or in the fed state after being offered their respective diet for 2 hours. The meal size consumed was similar for both fed groups (an average of 5.3 g/rat). A third group of rats that had consumed stock Each rat was anesthetized with ether and the blood was removed by heart puncture into tubes containing EDTA (1 mg/ml blood) and the plasma separated. The plasma was stored at â€"20Â°. The small intestine was re moved, quartered, weighed, homogenized in deionized water and quickly frozen. The pancreas was trimmed free of fat and frozen on dry ice. The stomach was weighed and frozen. These three tissues were lyophilized, weighed and stored dessicated under vacuum at room temperature. The liver was removed, blotted and weighed. Pancreatic and intes tinal homogenates were prepared as de scribed elsewhere (6, 8) . Amy lase, Upase and total proteolytic activities as well as total bile acids of the homogenates were estimated as previously described (6) (7) (8) .
Total plasma cholesterol was determined by using the enzymatic method of Allain et al. (9) . To increase sensitivity a 1:50 ratio of specimen to total reaction volume was used instead of the usual 1:100 ratio (10) .
Statistical evaluation of the results was by one-way analysis of variance with orthogonal contrasts to determine treatment differences and by Student's i-test.
RESULTS
Food intake, body weight and weights of organs are shown in table 2. Organ weights are from unfed animals and are expressed per 100 g body weight. During week 4 rats consuming the guar diet ate significantly less food than those fed the fiber-free diet, while the stock diet-fed group had a higher intake than both. The guar-fed group gained sig nificantly less weight, whereas the final body weights of the groups fed fiber-free and stock diets were similar. The livers of the group fed fiber-free diet were enlarged relative to rats consuming the guar or stock diets. The average dry weight of pancreata of the group fed fiber-free diet was about 20% smaller than the weights of those of either of the other groups. The average dry weight of the (8) 3.87 Â±0.1r 126 Â±4' 560 Â±17 106 Â±5' 50.8 Â±3.5b (7) (7) (7) (7) (7) 1Values are means Â±SEM.Numbers in parentheses are number of animals.
2 Values without a common superscript letter are significantly different from each other (P < 0.05). 3 Measured during week 4 of the ex periment.
* Values are significantly different from the fiber-free control (P < 0.05).
small intestine of the guar-fed group was about 25% greater than that of the group fed fiber-free diet, but the stock-fed group had a lower intestinal dry weight, which was sim ilar to those fed fiber-free diet. Both the guarand stock-fed groups had intestinal wet weights that were significantly greater than the weights of the group fed fiber-free diet. Both the group fed fiber-free diet and the guar-fed group had similar dry and wet stomach weights, whereas the stock-fed group had slightly lower dry stomach weights rel ative to rats fed fiber-free diet. Plasma cho lesterol was significantly lower in the guarand stock-fed groups relative to the group fed fiber-free diet. Following consumption of the meal (fed group), plasma cholesterol significantly increased in the group fed fiberfree diet to 94.1 Â±5.6 (P < 0.05), whereas it remained unchanged in the guar-fed group. Feeding the experimental diet prior to kill ing significantly increased the stomach and small intestinal weights. In the groups fed fiber-free diet and guar gum, average stom ach wet weight increased from 1.94 Â±0.09 to 6.63 Â±0.63 and from 1.83 Â±0.16 to 9.21 Â± 0.81, respectively, whereas dry weights in creased to 3.01 and 3.00 Â± 0.25, respectively. In the small intestine wet weights after feed ing increased from 6.01 Â± 0.16 to 7.31 Â± 0.12 and from 8.17 Â± 0.33 to 14.71 Â± 0.59, whereas dry weights were 1.85 Â± 0.06 and 2.27 Â± 0.09 for the groups fed fiber-free and guar gum diets, respectively. The wet and dry weights of the intestine and the wet weights of the stomach in these fed animals were signifi cantly greater in the group fed guar than in the group fed fiber-free diet. The wet weight of the intestinal segments in fed and unfed animals in the groups fed fiber-free and guar diets are shown in figure 1 . The graph illus trates the increased weight of each segment with consumption of either of the diets and the large increase in wet weight of the in testinal segments after consuming a guarcontaining diet, especially in the second and third quarters.
The activity of enzymes in the pancreatic tissue and intestine and the intestinal bile acids are shown in table 3. Within the pan creas of unfed rats neither total lipase nor amylase activity was affected by any of the diets. Total protease activity in the group Fig. 1 Wet weight of intestinal segments of rats con suming either a fiber-free or 10% guar gum diet. The unfed groups are designated by "fiber-free" or "guar." "Fed" designates the groups 2 hours postprandial.
consuming stock diet was significantly ele vated relative to the other groups. Within the intestines of fed rats the total activities for amylase, lipase and protease were all signif icantly elevated in the guar-fed group rela tive to the group fed fiber-free diet. Bile acids in the small intestine were not affected by diet (table 3) .
DISCUSSION
The reduction in food intake in conjunc tion with the lower caloric density of the diet in the animals consuming 10% guar gum re sulted in reduced body weight gain com pared to the group fed the fiber-free diet. Previous studies have shown that food intake and growth were not significantly affected by feeding a hypercholesterolemic sucrose diet containing 10% guar gum (11) (12) (13) (14) , although a reduction in weight gain was reported in rats fed 8% guar (15) . In humans, guar gum has been associated with a 10% reduction in appetite and an increased feeling of satiety (1, 16) . These attributes could be due to the bulkiness of the guar diet. In our study we observed that in the groups consuming the guar gum diet immediately before they were killed, the intestines appeared more dis tended; and even in the fasted rats, food ap peared to have remained in the intestine for (8) 4.40 Â±0.36b (7) 5.45 Â±0.1 ld (7) 18.4 Â±1.0d (7) 1.90 Â±0.10 (7) 6.71 Â±0.80 (7) 1.08 Â±0.09 (7) 42.2 Â±0.36d (7) 1Values are means Â± SEM.Number of animals is in parentheses.
2 For a given parameter, values with different superscripts are significantly different: ab P < 0.05; "* P <0.001.
3A unit = 1 >imol maltose hydrolyzed/min X IO3. 4 A unit = 1 /Â¿eq OH" titrated per minute.
5 A unit is the absorbance per minute.
a longer period of time. This distension of the gut and slower disappearance of food could explain, in part, the reduced food in take caused by guar gum. The group fed the stock diet had a significantly higher food in take relative to the group fed the fiber-free diet. This diet is likely to be richer in the non-gel-forming, insoluble fibers, which may not distend the intestine as much as the guar gum. The lower caloric density of the stock diet seemed to lead to an increase in food intake such that body weight gains were sim ilar to the gains of the group fed the fiberfree diet. Similar effects on food intake and body weight gain have been observed with other insoluble fiber sources (8, 17) . Both the stock diet and the 10% guar gum diet were hypocholesterolemic relative to the fiber-free diet, and the postprandial increase seen in the group fed the fiber-free diet was not observed in the guar-fed group. Previous reports had indicated that guar gum lowers plasma cholesterol in rats fed a hypercholesterolemic diet (12) (13) (14) . A proposed mecha nism by which guar gum may lower plasma cholesterol is by increasing the fecal excre tion of bile acids and cholesterol (3, 18, 19) . However, we did not observe a change in the pool of bile acids as indicated by the amount in the small intestine following a meal. In other studies, pectin or wheat bran did not alter small intestinal bile acid levels either (5) . Perhaps the main effect of dietary fibers on bile acids in the small intestine is to de crease the efficiency of the enterohepatic cir culation resulting in a greater fecal excretion. Several variables in the stock diet including the fiber, fat, or protein content could ac count for the lower plasma cholesterol in this group relative to the group fed the fiber-free diet.
Consumption of guar gum did lead to dif ferences in the weight of the liver, pancreas and small intestine per 100 g of body weight relative to the control. The greater weight of the small intestine in the guar-fed group undoubtedly was primarily due to more re sidual diet in the intestine even after a 10-to 12-hour fast. In the groups fed guar gum and stock diet the pancreata were heavier than those of the group fed fiber-free diet. Frequently enlargement of the pancreas is associated with a greater stimulation of pan creatic secretion (20) . The presence of a trypsin inhibitor in guar meal has been reported; however, its presence in the gum used in this study is not known (21) . Trypsin inhibitors are factors that are known to stimulate pan creatic secretion and enlargement (22) . In addition, the bulkiness of the guar diet and the greater amount of intestinal contents could contribute to its stimulation of the pan creas. Despite the greater pancreatic weight in the guar-fed group, total enzyme activity in the pancreatic tissue was not higher than in the group fed fiber-free diet (table 3) . In the group fed the stock diet, the larger pan creas was associated with more protease ac tivity, which might be due to residual trypsin inhibitor activity of some of the stock diet ingredients.
The water-holding capacity of guar gum appears to be an important factor accounting for the increased weight along the gastroin testinal tract after consumption of a meal. After eating, stomach dry weights did not differ from the controls, yet the wet weight of the guar-fed group was 1.5 times greater. Within the small intestine both wet and dry weights were greater in the guar-fed group; however, the greatest difference was between the wet weights. The difference in dry weights between animals fed a fiber-free or guar gum diet suggests that chyme may ac cumulate in the intestine of the guar-fed group as had been observed in rats fed pectin, wheat bran or cellulose (5) . In addition some increase in the mass of intestinal tissue could account for the increase in the weight of the intestine. Brown et al. (23) observed some increases in intestinal muscle layer and in the length of the intestine of rats fed a high level of pectin. These changes could be adapta tions to handle the greater bulk of material in animals fed gel-forming fibers as well as to compensate for apparent decreases in the rate of absorption. The greater amount of material in the intestines of rats fed guar gum could be related to the apparently slower rate of digestion and absorption that occurs when guar gum is fed. The bulkiness as well as the greater viscosity (24) in the intestine could slow the diffusion of enzymes, substrates and the products of digestion to an absorptive surface. Within the small intestine digestive enzyme activity was elevated in the group fed guar gum relative to the group fed fiberfree diet. A similar finding was observed with certain pancreatic enzyme activities in the presence of pectin both in vitro and in vivo (8, 25) . This effect of the guar gum could be due to greater stimulation of pancreatic se cretion or to less degradation of the secreted enzymes. If enzyme secretion was elevated by guar gum, the stimulus was not sufficient to cause increased synthesis of the enzymes within the pancreas. Hence, it is likely that protection of the enzymes from degradation also contributes to the higher activities. It is of interest to note that the decreases in di gestibility that have been associated with guar gum are not due to less enzyme present in the intestine. Consequently differences in the enzyme-substrate interactions or in ab sorption may be of greater importance (5) .
